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cured In a stepwise fashion by Intermittent controlled exposure to a source of radiation thus providing 
exactly the amount of cure and hardening desired. 




Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 449 619 A2 

Reid of Invention: 

The present invention relates to uftravbie t and visible light curable adhesive compositions useful for bond* 
tng microelectronic devices. More specifically, the invention relates to ultraviolet and visible light curable adhe- 
5 sive compositions suitable for preparing flip chip direct attachment adhesive ftms. These adhesive films are 
useful for mounting flip chip semiconductor devices onto transparent wiring boards. 

Background of Invention: 

10 in recent years surface mounting technology has been introduced for electrically Interconnecting micro- 
electronic devices such as flip chip semiconductor devices to wiring boards. This technology permits the attain- 
ment of a higher density of interconnection as compared to conventional methods of interconnection. 
Conventional methods of interconnection include wire bonding and solder reflow. High density application using 
flip chip surface mounting attachment technology offers the advantage of miniaturization. Methods of flip chip 

is interconnection include solder bump interconnection, conductive adhesive bonding, gang bonding for polyimide 
tape carrier system, and pressure engaged adhesive interconnection. The solder reflow and tape interconnec- 
tion methods both possess pitch limitations. Adhesives, on the other hand, permit the attainment of fine pitch 
connections. 

Hatada U.S. Patent No. 4,749,120 discloses a method of connecting flip chips to a waring board by means 

2D of a resin of a modified acrylate group in which light and heat are used in addition to pressure in order to stiffen 
the resin. A New LSI Bonding Technology Micron Bump Bonding Assembly Technology, presented at the 39th 
Electronic Components Conference, May 22, 24, 1989, Houston, 0569-5503/89/0045 IEEE and CH 
25484/88/0000-0023 IEEE discloses the use of a light setting insulating resin to bond a large scale integration 
(LSI) chip to the electrodes on a substrata. Special issue/Assembling Mounting Technology: Recent Trends jn 

25 Wireless Bonding Technolgy by Hatada et al.. Semiconductor World, September. 1987, discloses the bonding 
of chip electrodes to electrodes on a substrate using a light setting acrylate and epoxy insulation resin. Each 
of the above resins are prepared according to conventional free radical polymerization processes. Thus, the 
processes once started and stopped provide materials of certain physical properties and shape which cannot 
be further modified without the inclusion of additional initiator. Thus, the above-described polymerization pro- 

30 cesses do not possess a living* character. 

When using transparent wiring boards, ultraviolet (UV) light curable adhesives are highly desirable for flip 
chip attachment because it is possible to take advantage of the transparency of the wiring board when curing 
the adhesive. UV light curing of adhesives is a fast and clean process. However, the cure of known UV light 
curable adhesives is not easy to control. The polymerization of known UV light curable adhesives is a one-step 

35 reaction preventing the possibility of reaching intermediate hardening stages. In flip chip attachment, it is desi- 
rable to be able to control the modulus of the cured adhesive, and thus the electrical connection between the 
flip chip and the wiring board Soft undercured adhesive materials do not possess good dimension aJ stability 
whereas hard overcured adhesive materials are characterized by high stress levels in the bonds, tt is therefore, 
an object of this invention to provide a non-tacky thermoplastic radiation curable adhesive for the attachment 

40 of microelectronic devices, which can be controtJably cured to provide exactly the amount of cure and hardening 
desired. We have discovered such adhesive compositions which employ iniferter technology. 

The term "iniferter" refers to a chemical compound that has a combined function of being a free radical 
initiator, transfer agent, and terminator, the term 'iniferter* being a word formed by the underlined portions of 
the terms identifying these functions. This term and its use In the production of block copolymers is well known, 

45 particularly because of the work of Takayuki Otsu of the Department of Applied Chemistry, Osaka City Univer- 
sity. Osaka, Japan. Hits work is discussed, for example, in an article by Otsu, et al. entitled "Living Radical 
Polymerizations in Homogeneous Solution by Using Organic Sulfides as Photoinrferters", Polymer Bulletin, 7, 
45-50 (1982), an article by Otsu, et al. entitled living Mono- and Biradicai Polymerizations in Homogeneous 
System Synthesis of AB and ABA Type Block Copolymers", Polymer Bulletin, 11,1 35-142 (1984), and in Euro- 

so pean Patent No. 0286376, published October 12, 1988. Despite the rather detailed description of making certain 
block copolymers according to such disclosures, there is no disclosure of non-tacky thermoplastic radiation cur- 
able adhesive compositions which can be controQably cured in order to bond microelectronic devices to trans- 
parent wiring boards. 

Copending U*S. Application Serial No. 07/356,650, filed May 19, 1989, which is a coritinuatioii-tn-part of 
55 U.S. Application Serial No. 07/212,594, Ali, et al„ filed June 28, 1988, (assigned to the assignee of the present 
case) discloses the use of iniferter technology in the preparation of acrylic block copolymers having the requisite 
physical properties of adhesion, cohesion, stretchiness, and elasticity, making them suitable for use in press- 
ure-sensitive adhesive compositions. Serial No. 07/356,650 does not teach non-tacky thermoplastic radiation 
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curable adhesive compositions which can be controJIabiy cured in order to bond microelectronic devices to 
transparent wiring boards. 

Brief Description of the invention 

5 

We have found novel radiation curable adhesive compositions which can be controllabfy cured by utilizing 
a photoinJferter polymerization technique in order to provide the exact amount of cure and hardening desired. 
The adhesive compositions are useful for the attachment of microelectronic devices to transparent wiring 
boards. 

io The free-radical polymerization occurs in steps so that the extent of reaction, molecular weight, and cross- 
linking can be controlled simply by turning a light source on and off. Thus, the polymerization mechanism rs a 
Irving porymerization". La. it can be reinitiated by simply re-exposure of a previously extinguished radiation 
source. This provides great latitude in controlling the extent of polymerization and thus the extent of cure of 
the adhesive composition and the desired electrical connection. This enables polymerization of an Initially fluid 

15 composition to an intermediate stage or stages prior to final cure upon further exposure to radiation. For 
example, a technician may wish to suspend the cuing process in order to check the electrical connection be- 
tween the microelectronic device and the transparent wiring board. By additional exposure to a radiant energy 
source, the polymerization process may be continued to provide the desired level of cure and resultant electrical 
connection. 

20 A first aspect of the present invention relates to an adhesive composition which comprises: 

a polymer represented by the formula 1(61% 
wherein 

I represents the free radical initiator portion of an iniferter of the formula l(T)n; 
T represents the terminator portion of the iniferter; 
25 n is an integer of at least 1; and 

B represents a thermoplastic polymer block having a glass transition temperature ranging from about 
1 0°C to about 1 30°C. wherein the thermoplastic polymer block comprises polymerized free radically polymeri- 
zable monomer, wherein at least one free radically poJymerizable monomer has at least two functional groups, 
at least one of the functional groups being a free radically polymerizable functional group and at least one of 
30 the functional groups being a functional group capable of being reacted with a polymerizabfe functional mono- 
mer, and wherein at least one of the free radically polymerizable monomers having at least two functional 
groups is functional eed after polymerization with a polymerizable functional monomer, wherein said polymeri- 
zable functional monomer comprises a monomer having at least two functional groups, at least one functional 
group being a free radically polymerizable group. A second aspect of the present invention relates to a method 
35 of making the adhesive composition. 

A third aspect of the present invention relates to a thermoplastic adhesive composition which comprises; 
(a) a polymer having a glass transition temperature ranging from about 10°C to about 130°C, wherein 
said polymer comprises polymerized polymerizable monomer wherein at least one polymerizable monomer has 
at least two functional groups, at least one of the functional groups being a polymerizable functional group and 
40 at least one of the functional groups being a functional group capable of being reacted with a pofymerizable 
functional monomer, and wherein at least one of the polymerizable monomers having at least two functional 
groups is functional ized after polymerization with a polymerizable functional monomer, wherein said polymeri- 
zable functional monomer comprises a monomer having at least two functional groups, at least one functional 
group being a free radically polymerizable group; and 
45 (b) an iniferter of the formula i(T)n wherein 

I represents the free radical initiator portion of the iniferter; 
T represents the terminator portion of the iniferter; and 
n is an integer of at least 1; and 

wherein the weight ratio of the polymer to the iniferter ranges from about 99.9:0.1 to about 90:10. 
£0 A fourth aspect of the present Invention relates to a method making the adhesive composition. 

The superior non-tacky thermoplastic adhesive compositions of the present invention can be cured in a 
stepwise fashion by intermittent controlled exposure to a source of radiation thus providing exactly the amount 
of cure and hardening desired and avoiding undercuring or overcuring. The adhesive compositions provide 
upon irradiation a cross) inked polymer with a considerable increase of modulus. Another advantage of the adhe- 
55 srye compositions is their thermal stabitty which provides for their usage over a wide temperature range. 
Moreover, the adhesive compositions possess superior shelf lives. 

A fifth aspect of the present Invention relates to a method of bonding microelectronic devices to a UV or 
visible light transparent wiring board using the adhesive compositions of the present invention by the exposure 
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of the adhesive compositions to UV or visible radiation in a controlled and intermittent fashion such that the 
appropriate level of cure and thus a superior electrical connection is obtained. 

The method of connecting a microelectronic device to a transparent wiring board comprises the steps of; 

(a) preparing a laminate which comprises: 

5 <i) a transparent wiring board comprising a transparent substrate patterned with conductive electrodes 

wherein the transparent substrate is transparent to at least some radiation in the range of about 200 to 
about 800 nm; 

00 a nrwcroelectronic device having conductive bumps positioned such that the conductive bumps of 
the microeJectronic device are aligned in correspondence with the conductive electrodes of the trans-. 
10 parent substrate; and 

(iii) either adhesive composition of the invention disposed between the conductive bumps and conduc- 
tive electrodes; 

(b) applying heat and sufficient pressure to the laminate to press the conductive bumps and wiring pattern 
through the adhesive composition against one another in conductive contact thereby electrically connecting 

rs the conductive bumps to the conductive electrodes and thereby expanding the adhesive composition out- 
wardly wherein the adhesive composition surrounds a peripheral portion of the microelectronic device and 
simultaneously or subsequently exposing the adhesive composition to radiation of about 200 nm to about 
800 nm from a radiant energy source unti crosslirtkmg occurs in order to form a partially cured adhesive 
composition; 

20 (c) terminating the application of pressure, heat, and radiation in any order and evaluating the electrical 
connection between the conductive bumps of the microelectronic device and the conductive electrodes of 
the transparent substrate; 

(d) repeating steps (b) and <c), rf necessary, until the desired electrical connection is obtained. 
25 retailed Description of the Invention 

The novel adhesive compositions of the invention are referred to herein as Adhesive Compositions I and 
If. * 

30 Adhesive Composition I 

Adhesive Composition I comprises i(BT)„ wherein I, B, T, and n are as defined above. i(BT)„ is made by 
the following method. An iniferter represented by the general formula i(T)n capable upon being subjected to an 
appropriate energy source of forming free radicals l()n and nT- wherein n is an integer of at least 1. is mixed 
35 with a monomer charge. The monomer charge comprises monomer which is free radically polymerizable in the 
presence of !(■)„ to form polymer block B. The free radical !{•)„ is a highly reactive free radical capable of initiating 
free radical polymerization and T- is a less reactive free radical which is generally much less capable of initiating 
free radical polymerization than I- but wfll rejoin with l(*) n or a free radical polymer segment free radically 
polymerized with f(-) n upon termination of the energy source, 
40 The mixture of l(T) n and the monomer charge is exposed to an energy source capable of forming free radi- 
cals !{•)» and nT% The exposure is maintained unti the monomer charge polymerizes with !(■)„ to form a free 
radical polymer segment represented by the formula l(B*) m The exposure is subsequently terminated to cause 
KB-), and nT- to combine to form a polymer represented by the formula l(BT)*. 

The particular energy source and its intensity are selected to result in dissociation of the iniferter to free 
45 radicals. When employing a photoiniferter which wil dissociate upon exposure to ultraviolet light radiation, an 
ultraviolet light source is utilized. The intensity and rats of irradiation is chosen so that it will advance the polym- 
erization at a reasonable rate without deleteriously affecting the polymer segment being produced. An 
ultraviolet light source having a wave length on the order of 300 to 400 nm spaced approximately 10 cm from 
the reactants to provide an exposure of 2 mBliwatts per square centimeter has been found to produce suitable 
so results. Reaction times on the order of 2 to 50 hours have been found to be typical, depending upon the intensity 
of the radiation, with faster reaction times being observed at greater intensities. 

The reactants and any solvent employed are charged into an energy source-transparent vessel and therein 
subjected to the energy source. If the energy source is ultraviolet light radiation, a suitable ultraviolet light-trans- 
parent vessel is utilized. The reaction is preferably conducted in a vessel with agitation to permit uniform expos- 
es ure of the reactants to the energy source. While most of the reactions have been conducted by employing a 
batch process, it is possible to ufflize the same technology in a continuous polymerization operation. 

The reaction mixture may include a suitable inert solvent but it is not necessary since some of the mono- 
melic materials are liquid themselves and may thus be charged into the reaction vessel wBhout utilization of a 
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solvent The solvent if utilized in the free radical polymerization, may be any substance which is liquid in a 
temperature range of about -10°C to about S0°C, is substantially transparent to the energy source employed 
to permit dissociation of the Infferter to form free radicals, is inert to the reactants and product, and will not other- 
wise adversely affect the reaction. Suitable solvents Include water, toluene, afkyi acetates such as ethyl acetate, 

5 aJkanes such as hexane or heptane, and alcohols such as methyl alcohol, ethanoJ, fsopropyf alcohol, and mixt- 
ures of one or more of these. Other solvent systems am useful. The amount of solvent Is generaiy about 30 
to 80 percent by weight based on the total weight of the reactants and solvent In addition to solution polym- 
erization herein described, the copoJymerization may be carried out by other well known techniques such as 
suspension, emulsion, and bulk polymerization. 

10 The monomer used in forming Mock B must be selected so that block B is formed from a monomer charge 
comprising free radically polymenzable monomer which includes at least one monomer having a functionality 
of at least two which is capable of being functional feed with a polymenzable functional monomer after pdym- 
erization Into block B. The monomer having a functionality of at least two should contain at least one, preferably 
one, free radically polymenzable functional group and at least one, preferably one, functional group selected 

is from the group consisting of an azJactone group, an amino group, a hydroxy! group, an epoxide group, a car- 
boxy! group, an isocyano group, and the ike. which can react with a polymenzable functional monomer. Pref- 
erably, block B is formed from at least one monomer having a functionality of two which is capable of being 
functionalized with a polymenzable functional monomer after polymerization, In order to avoid excessive 
crosslinking. 

20 Preferably, the monomer charge useful In forming block B comprises monomer selected from die group 
consisting of methyl methacryfate (MMA), 2-vinyM,4-dimethyt-2-oxazolin-5-one (VDM), donethytaminoethyl 
methacryiata (DMAEMA), glycJdyt acrylate (GA), acrylic acid (AA), glycidyi methacryiate (GMA), isooctyt aery- 
late 0OA), trimethoxysByf propyl methacryiate (Tris), bocyanoethyi methacryiate (I EM), hydroxyethyl methao- 
rylate (HEMA), hydroxyethyl acrylate, methyl acrylate, ethyl acrylate, isobomyi methacryiate, norbomyl 

25 acrylate, butyl acrylate, phenethyi methacryiate, and mixtures thereof. Most preferably, the monomer charae 
used in forming block B comprises a mixture of VDM and DMAEMA, pref -rabfy at a weight ratio of about 90:10 
to about 10:90 in order to provide good cross! inkabSity and minimal shrinkage. 

Preferably, the monomers used in forming block B are selected and used at ratios to result in a cured adhe- 
sive composition yielding as low of a maximum resistance (R max) value as possible In order to obtain the best 

so electrical connection possible. 

The photoiniferter polymer l(BT) n is functionalized with a suitable polymenzable functional monomer. The 
polymenzable functional monomer contains at least two functional groups, at least one functional group, pref- 
erably one, being a free radically polymenzable group. At least one functional group, preferably one, comprises 
a functional group such as an azlactone group, an amino group, a hydroxy! group, an epoxide group, a carboxyi 

as group, an isocyano group, and the like, which Is capable of reacting with a functional group on the free radically 
polymenzable monomer having at least two functional groups which was polymerized into block B. Suitable 
polymenzable functional monomers include but are not limited to the following: HEMA, 2-hydroxyethyl acrylate 
(HEA), AA, methyl acrylic add (MAA). VDM, IEM. GMA, GA. DMAEMA, pentaerythritof triacrylate. pentaeryt- 
hritot trimethacryiate, and mixtures thereof. 

40 The preferred monomers which can be used for functional ization are selected from the group consisting 
of VDM, HEMA, and mixtures thereof due to their high reactivity and ease of functional ization. A preferred mono- 
mer for use in the functionaBzabon process comprises HEA. HEA would constitute a most preferred monomer 
If It were commercially ava labia in a pure form. However, due to impurities typically contained in commercially 
available HEA. gelling can sometimes occur. GA and GMA although acceptable are less preferred due to their 

45 lower reactivity. IEM which is somewhat harder to control due to IE Ms very high reactivity is also less preferred. 
AA and MAA are least preferred due to their corrosive nature. 

The functional ization of the polymer KBT^ is typically carried out at a temperature of about 30° C to about 
120°C In a suitable reaction vessel. Sufficient solvent, if needed, can be used to facilitate the funcbonaltzation. 
Typically, about 10 to 80 weight percent, preferably about 25 to 50 weight percent of a solvent is used based 

so upon the weight of the solvent and reactants. Useful solvents include, but are not limited to methyl ethyl ketone 
(MEK), ethyl acetate (EtOAc), toluene, chloroform, dichloromethane, and the like. An effective amount of a suit- 
able catalyst such as 1,B-dlazabicyclop4-0]undec-7-ene (DBU) and the like is typically used at a mole ratio 
of pdymerizable functional monomer to catalyst of about 99:1 to about 99:5, preferably about 87:3 to about 
99:5. An effective amount of an inhibitor such as 2,6-di-tert-butyU-methyl phenol and the like is preferably used 

55 {i.e. about 50 pom to about 1,000 ppm, most preferably about 100 ppm to about 200 ppm) based upon the 
amount of pdymerizable functional monomer. The polymer is functionalized from about 10 to about 100 mole 
% based upon the amount of monomer contained in said polymer having a functionality of at least 2 which is 
capable of being functionalized with a polymenzable functional monomer. The fun canalization of l(BT)n results 
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in an adhesive composition which will provide a crosslinked polymer upon cure. 

Examples of photoiniferters l(T) n indude: 
xyfyfene bistN.N^ethyldfthiocarbamate) (XDC), benzyl carbazolyl thiocarbamate (CDC), xyfylene car- 
bazolyWlthlocarbamate (XCDC), durene a t a'c^a"'^traW^ (DDC), benzyl N f N- 

5 diethyithfocarbamate (BDC), mixtures thereof, and the Ifee. Preferably, l(T) B is selected from the group 
consisting of XDC, CDC, XCDC, DDC, and mixtures thereof. Most preferably, l(T) n Is selected from the group 
consisting of XDC, XCDC, and mixtures thereof for reasons of better and more controllable cure. The letter n 
represents an Integer of at least 1, preferably about 2 to about 12, and most preferably about 2 to about 6. 

10 Adhesive Composition II 

Adhesive Composition II comprises a polymer combined with l(T)o- The polymer comprises polymerized 
polymerizable monomer wherein at least one polymerized polymerizable monomer has at least two functional 
groups, at least one, preferably one, of the Junctional groups being a polymerizable functional group and at 

is least one, preferably one, of the functional groups being a functional group capable of being reacted with a 
polymerizable functional monomer, and wherein at least one monomer having at least two functional groups 
is functional ized after polymerization with a polymerizable functional monomer, wherein the polymerizable rune- 
tional monomer comprises a monomer having at least two functional groups, at least one functional group being 
a free radically polymerizable group. 

20 Polymers which can be used in forming Adhesive Composition i! indude but are not limited to polymers 
prepared according to conventional poryme rtzation methods such as thermal polymerization, from the monomer 
used in forming the photoiniferter polymer of Adhesive Composition I. Examples of useful polymers include 
poiyvinytbutyraJ, polyisocyantoethyi methacrytatB. poryglyddyl acrylate, poryglycidyi methacryfate, pofy2-vinyl- 
1 < 4^imetrry«-2^xazolin-5-one, polyhydroxyethyl methacrylate, poly 2-hydroxyethyf acrylate. and the like, and 

25 mixtures thereof. 

The polymer contained in Adhesive Composition II Is functfonalized according to the same procedure as 
the l(BT)„ polymer contained in Adhesive Composition I. Monomers useful In forming the polymer of Adhesive 
Composition II are the same as those useful in forming block B of l(BT)* of Adhesive Composition L In addition, * 
the same preferred monomers, ratios of monomer, glass transition temperatures, etc. applicable to KBTJ^re 
30 applicable to the polymer of Adhesive Composition II. 

The weight ratio of polymer to l(T)tt in Adhesive Composition II ranges from about 90:10 to about 99.9:0.1 , 
preferably about 99.9tf .1 to about 92:8, and most preferably about 99.5:0.5 to about 95:5. 

Optional Components 

35 

About 0. 1 to about 5.0 weight percent of a photosensitizer or sensitizer can optionally be included in Adhe- 
sive Composition t or II based upon the weight of the total adhesive composition in order to Increase the rate 
of cure. If too much sensitizer is used, interference with the deep curing of the adhesive compositions can occur. 
Useful sensitizers include Michler's ketone, camphorquinone, mixtures thereof, and the like. Preferably, the 

40 sensitizer comprises Michler's ketone for better depth of 'cure. 

A filer which is transparent to at least a portion of the radiation used for curing can comprise up to about 
SO weight percent, preferably about 1 0 to about 60 weight percent, and most preferably about 30 to about 50 
weight percent of Adhesive Composition I or II. The filler increases adhesion by decreasing the coefficient of 
thermal expansion. Useful fillers include sBtca, glass, quartz, mixtures thereof and the like. Preferably, the filler 

45 comprises silica 

About 0.1 to about 20 weight percent of a silane coupling agent can optionally be included in Adhesive 
Composition I or II based upon the weight of the total adhesive composition in order to provide stability under 
humidity, preferably about 0.1 to about 5 weight percent, and most preferably about 0.5 to about 2 weight per- 
cent Useful sflane coupling agents include but are not limited to the following: functional sSicones such as 

so trimethoxysiyipropyf methacrylate (Tris), amino silane, epoxy silane, and mixtures thereof. Preferably, the cou- 
pling agent comprises a functional silane. Most preferably, the coupling agent comprises trimethoxysDylpropyl 
methacrylate (Tris) for reasons of good reactivity. 

About 1 to about 20 weight percent of a multifunctional monomer, preferably about 5 to 10 weight percent 
can be included in Adhesive Composition I or II based upon the total weight of the adhesive composition in 

55 order to increase the crosstinkability of the polymer and adjust the final Tg of the polymer composition. The 
term "multifunctional monomer as used herein refers to a monomer which contains more than one polymeri- 
zable moiety. Preferably, the multifunctional monomer used herein contains 2 to 6, most preferably 3, polymeri- 
zable moieties. 
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Examples of suitable multifunctional monomers Include but are not limited to the following: 
pentaerythritol trimethacrytate, pentaeiythrftoi tetramethacrytate, ethoxytated bisphenoi A dimethacrytete, 
hexane dJokfioacryiate, pentaerythritol trtacrylate, and mixtures thereof. Preferably, the multifunctional mono* 
mer used Is selected from the group consisting of pentaerythritol triacrytate, hexane dtokflacrytete, pentaeryt- 
s hhtol trimethacryfate, and mixtures thereof. 

Adhesive Rim Preparation 

Films of Adhesive Composition I or II can be prepared by coating either composition onto a suitable sub- 
to strata such as a polyester film by use of a coating device such as a knife coater at a thickness of about 5 to 
about 100 jim, preferably about 15 to about 30 um. Preferably, the substrate is coated with a release coating 
prior to coating with the adhesive composition in order to facilitate the removal of the adhesive fOm thus formed. 
The adhesive him is dried, preferably tor about 1 to about 24 hours at a temperature ranging from about 20°C 
to about 80°C prior to removal of the film from the substrate. 
is The adhesive compositions can be coated onto a microelectronic device or a transparent wiring board in 
a number of ways in order to bond the microelectronic device to the transparent wiring board. One way is to 
apply the side of the microelectronic device having conductive bumps onto the adhesive him described above 
and use sufficient heat activation (above 40 to 100°C) and sufficient pressure to tacktfy or soften the adhesive 
film but not to melt the ftm in order to transfer the adhesive to the microelectronic device. When the microeiec- 
20 tronic device is subsequently removed from the release backing ft is thus coated with a uniform layer of adhe- 
siva ft may also be possible to coat the adhesive composition directly onto the transparent wiring board to which 
the microelectronic device is to be bonded, directly onto the microelectronic device Ssetf, or otherwise dispose 
me adhesive composition between the microelectronic device and transparent wiring board without first forming 
a separate film. 

25 The transparent wiring boards to which the microelectronic devices can be bonded comprise ultraviolet 
and/or visible light transparent substrates such as glass, plastic and the I ke having a wiring pattern comprising 
conductive electrodes. The term "electrodes* as used herein includes the term circuits. The conductive elec- 
trodes contact at least one surface of toe transparent substrate in order to make electrical connections (i.e., 
conductive contact) with the microelectronic device. Typically the wiring pattern Is formed on the surface of the 

so transparent substrate. 

The conductive electrodes cover only a portion of the transparent substrate thus permitting the passage 
of light radiation therethrough. Suitable conductive electrodes comprise conductive ceramics such as Indium 
tin oxide and conductive metals such as nickel, copper, aluminum, gold, and the like. Such conductive elec- 
trodes typically have a thickness of about 100 A to about 5000A and a resistance of about 10 mohm to about 

35 1 00 mohm. The conductive electrodes on the transparent substrate are designed to receive the corresponding 
conductive bumps of the microelectronic device. 

A microelectronic device such as a semiconductor device is typically electronically connected to a wiring 
board by the establishment of electrical connections between conductive portions on the microelectronic device 
referred to herein as conductive bumps and the conductive electrodes of the wiring board. The term "conductive 

40 bump" as used herein also includes conductive pads. Such conductive bumps are typically metal bumps or 
pads which are formed on electrode pads of the microelectronic device by conventional electroplating methods. 
Each conductive bump is typically formed from Au, Ag. Cu. eta solder and has a thickness of 3-30 um. 

The microelectronic device which is typically first coated with Adhesive Composition I or II is aligned with 
the conductive electrodes of the transparent substrate such that the adhesive composition is disposed between 

43 the microelectronic device and the transparent substrate in order to form a laminate. The alignment of the micro- 
electronic device having conductive bumps and the conductive electrodes of the transparent substrate neces- 
sary to form the electrical connections wQI be recognized by those skilled in the art The microelectronic device 
is typically held by a movable tool and the positions of the conductive bumps of the microelectronic device are 
adjusted to be in correspondence with the conductive electrodes of the wiring board. Then the conductive 

50 bumps are pressed against the wiring pattern by the downward movement of the tool and the laminate is heated. 
The pressure and heat thus applied causes the adhesive composition which is disposed between the conduc- 
tive bumps and the conductive electrodes to flow outwardly so that the adhesive composition is removed from 
the area between the conductive bumps and the conductive electrodes such that the adhesive composition sur- 
rounds the peripheral portion of the microelectronic device and such that the conductive bumps are electrically 

55 connected to the conductive electrodes. 

In this position, radiation from a radiant energy source is applied to the adhesive composition of the present 
Invention in a controlled and intermittent fashion in order to gradually cure the adhesive composition to obtain 
the exact amount of cure and thus electrical connection desired. The application of heat, pressure, and radiation 
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is discontinued while the cure of the adhesive and electrical connection Is evaluated Upon completion of the 
curing process the adhesive composition ts stiffened orsoMfied. By such stiffened adhesive composition the 
microelectronic device and wiring board are fixed with the conductive bumps being electrically connected to 
the conductive electrodes. Thereafter, heat, radiation and pressure application is terminated. 
5 Bonding of the microelectronic device to the transparent wiring board Is typically conducted at a tempera* 

ture range of about 1 30°C to about 200°C, preferably about 180°C to about 200»C. If the bonding temperature 
is too low the adhesive film will not be sufficiently melted. If the bonding temperature is too high depolymeri- 
zation or decomposition of the adhesive can occur. 

Bonding of the microelectronic device to the transparent wiring board is typically conducted under a press- 
to ure of about 1 to about 30 MPa for reasons of better flow of the adhesive composition and good adhesion, pref- 
erably about 5 to about 15 MPa. Exposure to a radiant energy source is typically continued untfl the desired 
resistance of the electrical connection in the absence of applied pressure is obtained 

Ultravfoletorvteible light radiation Is typically directed through the side of the transparent substrate opposite 
the adhesive and microelectronic device. The intensity or rate of radiation Is chosen such that it will advance 
15 the polymerization at a reasonable rate without deleteriously affecting the polymer segment being produced 
An ultraviolet or visible light source having a wavelength on the order of about 200 to about 800 nm spaced 
approximately 1 cm from the transparent substrate to provide an exposure of preferably about 2 to 100 milliwatts 
per square centimeter has been found to produce suitable results. 

Reaction times on the order of 5 seconds to 60 seconds have been found to be typical, depending upon 
so the intensity of the radiation, with faster reaction times being observed at greater intensities. 

EXAMPLES 

The following detaOed description includes exemplary preparations of the adhesive compositions of the 
invention. Ail parts and percentages in the Examples and throughr *Jt the Specification are by weight unless 
otherwise specified. Examples 2-6, 8-10 relate to Adhesive Composition I. Examples 7, 11-12 relate to Adhesive 
Composition II. 

Comparative Example 1a 

30 

Synthesis of P(MMA/VDM/PMAEMA) (50/30/20) Using a Conventional Initiator 

Into a 950 ml amber bottle were charged 50 parts of MMA, 30 parts of VDM, 20 parts of OMAEMA, 0.2 part 
of Vazo-64 ™ initiator (azoHSobutyronitrBe, available from DuponQ, 200 parts of MEK, and 0.5 parts of teiraethy!- 
35 thiuram disulfide. The solution was purged with nitrogen for 10 minutes. The bottle was sealed and placed in 
a Launder-O-Meter™ controlled heating bath (available from AHas Company) set at 65°Cfor 24 hours. Analyti- 
cal results on the copolymer were as follows: Gel Permeation Chromatography (GPC): Mn = 61,638; Polydis- 
persity (p) * Z4; and Differential Scanning Catorimetry (DSC): T fl * 55"C. 

40 Comparative Example 1b 

Functionalaation of P(MMA/VDM/DMAEMA) with HEMA 

Into a 20 ml flask fitted with a magnetic stirrer and a thermometer were charged 41.9 parts of polymer sol- 
45 ution from Comparative Example 1a, 4.0 parts of MEK, 0.23 part of DBU, 0.03 part of BHT, and 3.9 parts of 
HEMA. The solution was heated for 3 hours at 55°C. IR spectrum analysis revealed quantitative reaction of 
HEMA with VDM (no peak present at 1600 crrr 1 ). 

Example 2a 

so 

Synthesis of Copolymer GA/MMA (41 .7/58,3) 

Into a 250 ml volume d ear flint glass bottle were charged 50 parts of GA, 70 parts of MMA, 0.8 part of XDC, 
and 200 parts of ethyl acetate. The solution was purged with nitrogen gas for about 10 minutes, following which 
55 the bottle was sealed, placed on a roller mBI, and irradiated with a bank of six GE 15 watt cylindrical black light 
lamps. The mixture became progressively more viscous. Trie completion of the reaction was monitored by per- 
cent solids analyses. The quantitative conversion was achieved after 40 hours of irradiation. DSC analysts 
revealed a T 8 of 47°C. 

a 
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Example 2b 

Functionalization of P(GA/MMA) with AA 

5 The copolymer of GA/MMA (31.8 parts) of Example 2a, 0.2 part chromium octanoate, CrfO**)* 2.9 parts 

AA, 50 parts EtOAc 0.04 part 24ert-butyM-methylphenol, and 0.04 part 2 4 6sfHtert-*utyJ-4-meihylphenol 
(BHT), were charged into a 250 mi volume round bottomed flask. The solution was heated to 70°C by gradual 
to crease of temperature for 3.4 hours. The solution was cooled and precipitated in 200 parts of methanol. The 
solid polymer was isolated by filtration and dried In a vacuum oven at -40°C. Proton NMR spectrum analysts 

10 revealed complete functionalteatjon of P(GA/MMA) polymer with AA. 

Example 3a 

Synthesis of Copolymer of GMA/MMA/lOA (417/41.7/16.7) 

15 " » — > - - — ^ ■ - - ' 

GMA (50 parts). MMA (50 parts), IOA (20 parts), XDC (1.0 part) and EtOAc (200 parts) were charged into 
a 500 ml volume dear flint glass bottle. The solution was purged with nitrogen gas for about 10 minutes, after 
which the botfie was sealed, placed on a roller mBI, and irradiated with a bank of six GE 15 watt cylindrical black 
light lamps. The mixture became progressively more viscous. The completion of the reaction was monitored 
20 by percent solids analyses. The quantitative conversion was achieved after 40 hours of irradiation. DSC 
analysis revealed a T 9 of 53.8°C. 

Example 3b 

25 FuncfionaJizatlon of P(GMA/MMA/1QA) with AA 

The copolymer of P(GMA/MMA/IOA) of Example 3a (47.3 parts), Cr(Oct>i(0.66 part), AA (3.7 parts), EtOAc 
{47 parts), and BHT (0.04 part) were charged into a 250 ml volume round bottom flask. The solution was refluxed 
for 5 hours and precipitated in 200 parts of ether. The solid polymer was isolated by filtration and dissolved in 
30 EtOAc to yield a 40 percent solid solution. 

Example 4a 

Synthesis of Copolymer of VDM/DMAEMA (25/75) 

35 

Into a 473 ml clear bottle were charged 25 parts of VDM, 75 parts of DMAEMA, 3 parts of XDC, and 100 
parts of EtOAc The solution was purged with nitrogen for 1 0 minutes. The bottle was sealed, placed on a roller 
mm, and Irradiated with a bank of six GE 15 watt cylindrical black tight lamps. The solution was irradiated for 

23 hours. A percent solids calculation revealed quantitative conversion. DSC analysts revealed a T fl of 15°C 
40 for the copolymer. 

Example 4b 

FunctionaJtzation of P(VDM/DMAEMA) with HEM A 

45 

Into a 100 ml flask fitted with a magnetic stirrer and a thermometer were charged 21 .5 parts of the polymer 
solution from Example 4a, 2.5 parts of HEMA. 0.15 part of DBU, and 0.03 part of BHT. The solution was heated 
for 4 hours at 55°C. I.R. spectrum revealed quantitative reaction of HEMA with VDM. 

so Example 5a 

Synthesis of Copolymer of VDM/DMAEMA (25/75) 

Into a 473 ml dear bottle were charged 25 parts of VDM, 75 parts of DMAEMA, 0.5 part of XDC, and 100 
55 parts of EtOAc The solution was purged with nitrogen for 10 minutes. The bottle was seated, placed on a roller 
mOl and irradiated with a bank of six GE 15 watt cylindrical black light lamps. The solution was Irradiated for 

24 hours. A percent solids calculation revealed quantitative conversion. 
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Example 5b 

Fungfonglbagon of P(VDM/DMAEMA) with HEMA 

5 Into a 250 ml flask fitted with a magnetic stirrer and a thermometer were charged 56.3 parts of the polymer 
solution of Example 5a, 6.6 parts of HEMA, 0.4 part of DBU, 0.06 part of BHT and 10 parts of MEK. The solution 
was heated at 55°C for 3 hours. ML spectrum analysis revealed quantitative conversion. 

Example 6 

10 

FuncttonaJkation of P(VDM/DMA£MA) with HEMA 

Into a 250 ml flask fitted with a magnetic stirrer and a thermometer were charged 53.0 parts of polymer 
solution from Example 5a. 6.2 parts of HEMA, 0.4 part of DBU, 0.06 part of BHT, and 10 parts of MEK. The 
is solution was heated at 55°C for 3 hours. I.R. spectrum analysis revealed quantitative conversion. 

Example 7 

Synthesis of VDM functional polyvinylbutyraJ: 

20 

Into a 100 ml flask fined with a magnetic stirrer and a thermometer were charged 10.25 parts of polyvinyl 
butyral (ava3able under the trade designation S4^ec BX-L available from Sekisui Company, 29% hydroxyi by 
weight, 47 parts of EtOAc 9.4 parts of VDM, 0.5 part of DBU, and 0.06 part of BHT. The solution was heated 
at 55°C for 6 hours. The progress of the reaction was monitored by I.R. spectroscopy. 

25 

Example Sa 

Synthesis of Copolymer of VDM/DMAEMA 25/75 - 

so Into a 473 ml clear bo We were charged 25 parts of VDM, 75 parts of DMAEMA, 1.0 part of XDC, and 100 

parts of EtOAc The solution was purged with nitrogen for 10 minutes. The bottle was sealed, placed on a roller 
mat. and irradiated with a bank of six GE 15 watt cylindrical black light lamps. The solution was irradiated for 
24 hours. A percent solids analysts revealed quantitative conversion. 

35 Example 8b 

Functionalization of P(VDM/DMAEMA) with HEMA 

Into a 100 ml flask fitted with a magnetic stirrer and a thermometer were charged 56.1 parts of the polymer 
40 solution of Example 8a, 1.3 parts of HEMA, 0.08 part of DBU, 0.04 part of BHT, and 5 parts of EtOAc The 
solution was heated at 55°C for 4 hours. The progress of the reaction was monitored by I.R. spectrum analysis. 

Example 0 

<S Functionalgation of P(VPM/DMAEMA) with HEMA 

Into a 100 ml flask fitted with a magnetic stirrer and a thermometer were charged 48.2 parts of P(VDM- 
/DMAEMA) polymer solution of Example 5a, 1 .13 parts of HEMA, 0.07 part of DBU, 0.06 part of BHT, and 5 
parts of MEK. The solution was heated to 55°C for 3 hours. The progress of the reaction was monitored by I.R. 
60 spectroscopy. 

Example 10a 

Synthesis of Copolymer of VDM/DMAEMA/Tris (20/75/5) 

55 ' ' — 

Into a 946 ml clear bottle were charged VDM (20 parts), DMAEMA (75 parts), Tris (5 parts), XDC (4.0 parts) 
and 100 parts of EtOAc, The solution was purged for 10 minutes, the bottle was sealed, placed on a roller mil, 
and irradiated with a bank of six GE 15 watt cylindrical black light lamps. The mixture became progressively 
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more viscous. After 24 hours of irradiation the bottle was removed. Quantitative conversion was achieved as 
shown by a percent solids analysis. 

Example 10b 

5 

Functkmaib:atk»n of P(VDM/DMAEMA/Tris) with HEM A 

The copolymer of VDM/DMAEMA/Tris of Example 10a (50 parts), HEMA (0.94 part, 20 mole % of VDM), 
EtOAc (6.0 parts), BHT (0.06 part) and DBU (0.06 part) were placed In a round bottomed flask. The solution 
10 was stirred at room temperature for 1 hour and then at 50°C for 2 hours. The reaction was complete as shown 
by LR spectrum analysis. 

Example 10c 

is Funcfaonaiization of P(VDM/DMAEMA/Tris) with HEMA 

The procedure of Example 10b was followed in order to form a 100% ring opened HEMA functional tzed 
P(VDM/DMAEMATTris) polymer. The components were utilized in the following amounts: VDM/D MAEMATTris 
copolymer of Example 1 0a (50 parts), HEMA (4.7 parts). EtOAc (1 0 parts). BHT (0.06 parts), and DBU (0.27 
20 parts). 

Example 11 

Synthesis of PVB Fundfonattzed with IEM: 

25 

Polyvinylbutyral S-LEC BX-L avadable from Sekisui Company (10 pals), IEM (6.14 parts), 2,6-di-t-butyi- 
4-methylphenol (0.031 part) and dlbutyltindOaurate (0.21 part) were dissolved in 62 parts of THF. The resulting 
solution was heated to 40°C. Dry air was injected into the solution during the reaction. After stirring for 150 
minutes, no residual isocyanate could be detected by I.R. spectroscopy at 2260 crrr 1 . 

30 

Example 12 

An adhesive film was prepared as follows. Michler*s ketone (0.08 part) and XDC (0.95 part) were dissolved 
in the PVB- VDM solution of Example 7 (61.70 parts). Silica Novarite 207A {Malvern Company) (31.77 parts) 
35 was subsequently added to and mixed with the solution. The adhesive composition thus formed was cast onto 
a polyester film using a knife coaler. The thickness of the adhesive film was set around 25 pm by adjusting the 
distance between the knife and the backing. The polyester film used had a sBicone release coating to facilitate 
the release of the adhesive film. The adhesive fflm was dried at room temperature for 24 hours. 

40 Examples 13-28 

Preparation of Adhesive Rims 

For Examples 13-28, adhesive films were prepared according to Example 12 using the formulations set 
45 forth in Table A. 
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Example 29 

The adhesion of various adhesives of the present Invention were evaluated by measuring the die shear 
strengths of the adhesives. The test determined the applied force needed to shear a glass chip (2x2x1 mm) 

3 bonded to a glass slide (25x25x1 mm) by the adhesive composition of the present invention. The bond strength 
was measured by using a shear tester. The adhesives were transferred to the glass chips by applying the chips 
onto the f9m and using heat activation (about 100°C) and light pressure by hand in order to soften the adhesive 
film. When the chips were removed from the release backing, they were covered with a uniform layer of adhe- 
sive. The bonding was accomplished by using a die bonder set at 180°C for several seconds with the simu!- 

10 taneous application of UV irradiation from a UV lamp having an output of 75 mW/cm 2 in the 340 - 380 nm range 
avaiable from Electro Lite Corporation. 

TABLE B 



Adhesive Shear Strength 
From Example Bonding Conditions MPa 



12 


30s 


at 


lBO'C 


with 


UV 




8.6 


14 


20s 


at 


180°C 


with 


15s 


UV 


11.1 


22 


30s 


at 


180«C 


with 


10s 


UV 


9.5 


23 


15s 


at 


180»C 


with 


UV 




9.6 


26 


15s 


at 


180»C 


with 


UV 




9.1 


27 


15s 


at 


180-C 


with 


UV 




9.4 



The selection and use of adhesives for the attachment of microelectronic devices requires a minimum bond 
30 strength of 6 MPa [Military Standard (MIL STD) 883L, method 501 1]. The data contained in Table B thus demon- 
strates that a high level of adhesion is obtained upon use of the adhesive compositions of the present invention. 

Example 30A 

35 The curing ab9 fries of the adhesive compositions of the present invention were evaluated by testing the 

soiubHity of the films prepared therefrom after UV irradiation with the UV lamp of Ex. 29. Before treatment ail 
the films were soluble in the solvent in which solubility was evaluated after treatment 
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TABLE C 

Adhesive 

From Example Treatment Solubility 



13 
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180°C 


insoluble 
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13 
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at 
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soluble in THP 


14 
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UV at 
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The data contained in Table C thus demonstrates that in order to obtain good cum (i.e M insolubility in sol- 
vent), the irradiation of the adhesive compositions of the present invention is necessaiy. 

Example 30B 

The amount of crossltnking of irradiated adhesive films of the invention was measured by extraction of sol* 
uble material in refluxing tetrahydrofuran with a soxhiet extractor over a 24 hour period. A Model 218 UV light 
unit (available from Cotight Inc.) containing two 400 watt mercury vapor lamps was used for irradiation. Adhe- 
sive film A was prepared by mixing 9g.81 weight percent of the polymer solution of Example 5B with 0.19 weight 
percent Michler's Ketone and coating as described in Example 12. Adhesive film B was prepared similar to flm 
A except that 99.88 weight percent of the polymer solution of Example 3B and 0.16 weight percent of Mfchler's 
Ketone was used 



Adhesive Film Irradiation Time % Crosslinking 

A 1 min at 20°C 57 

3 min at 20°C 87 

5 min at 20°C 90 

10 min at 20°C 91 

B 1 min at 20°C 65 

10 min at 20"C 90 



Example 30B demonstrates the controllable crosslinkabOity of the adhesive films of the inventioa 
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Example 31 

A Rheome tries dynamic mechanical analyzer was used to determine the T 0 and measure the elastic mod- 
ulus of the adhesive flm of Example 21. To Illustrate the cure in stages, five samples of the adhesive film of 
5 Example 21 were irradiated for different lengths of time using the lamp of Ex. 29. A UV lamp available from 
Bectro Life Corporation having an output of 25 mW/cm* In the 340- 380 nm range was used for curing. Each 
sample was maintained at a temperature of 130°C for a time ranging from 0 to 60s. 

The data contained in Table D demonstrates that the T 8 and the modulus of the adhesive Increased reg- 
ularly with the amount of UV irradiation applied 
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Example 32 

Adhesive films prepared according to the method of the invention were used to bond silicon chips (0.5 mm 
x 7 mm x 7 mm) to indium tin oxide circuits on glass substrates. The chips bore 120 gold bumped pads (pad 

5 pilch; 0.2 mm) in order to make the electrical connections. The circufts were indium tin oxide configured to permit 
a four probe resistance measurement Each indium tin oxide circuit had a thickness of 0.1 um and a sheet resi- 
stance of 20 ohms per square. The adhesive film was applied to the active face of the chip by heating the fflm 
to about 100°C on a hot plate surface. Light pressure was applied to laminate the fDm onto the chip. The lami- 
nated structure was removed from the hot plate after several seconds had elapsed. 

w The final silicon chip attachment was done after alignment of (he chip with the conductive electrodes on 
the substrate. The bonding was done at 180°C under pressure {around 1 0Kg). UV irradiation was applied sim- 
ultaneously, directly through the glass substrate using the lamp of Example 29. Interconnection resistances 
were measured using the four probe method. Average minimum and maximum resistances were determined 
as well as two values characterizing the distribution of the resistance: the midpoint (50% of the values are tower 

is and 50% are higher) and the 90% point (90% of the values are lower, 10% are higher), in Table E below the 
resistance values (R) are expressed In ohms. 

The data contained in Table E demonstrates that good electrical connections are obtained when using the 
adhesive compositions of the present invention. 
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While this invention has been described in connection with specific embodiments, it should be understood 
that it is capable of further modification. The daims herein are intended to cover those variations which one 
sidled in the art would recognize as the chemical equivalent of what has been described here. 



Claims 

1. An adhesive composition which comprises: 

a polymer represented by the formula I(BT)„ 
wherein 

I represents the free radical initiator portion of an iniferter of the formula I(T)» 
T represents the terminator portion of said iniferter; 
n is an Integer of at least 1; and 

B represents a thermoplastic polymer block having a glass transition temperature ranging from about 
10°C to about 130°C, wherein said thermoplastic polymer block comprises polymerized free radically 
poiymerizable monomer, wherein at least one free radically polymerizabie monomer has at least two func- 
tional groups, at least one of said functional groups being a free radically poiymerizable functional group 
and at least one of said functional groups being a functional group capable of reacting with a polymerizabie 
functional monomer, and wherein at least one of said free radically poiymerizable monomers having at least 
two functional groups is functional ized after polymerization with a poiymerizable functional monomer, whe- 
rein said polymerizabie functional monomer comprises a monomer having at least two functional groups, 
at least one functional group being a free radically poiymerizable group. 

2. The adhesive composition of Claim 1 wherein said free radically poiymerizable monomer polymerized into 
polymer block B Is selected from the group consisting of methyl methacryiate, 2-vinyW,4~dimethyf-2-oxa- 
zoltn-5-one, dimethyiaminoethyi methacryiate, giyridyl acryiate, acrylic ?tid, giycidyi methacrylate, isooctyi 
acryiate. trimethoxysilyi propyl methacryiate, isocyanoethyi methacryiate, hydroxyethyt methacrylate, hyd- 
roxyethyi acrytate, methyl acryiate, ethyl acryiate, isobomyf methacryiate, norbornyl acryiate, butyl acry- 
iate, phenethyi methacrylate, and mixtu re sr thereof, and wherein at least one polymerized free radically 
poiymerizable monomer of polymer Mock B is functional ized after polymerization with a polymerizabie func- 
tional monomer selected from the group consisting of 2-vtnyM,4^imethyl-2-oxazoiin-5-one, hydroxyethyt 
methacrylate, 24iydroxyethyl acryiate, acrylic add, methacrylic acid, tsocyanatoethyf methacrylate, glyci- 
dyl methacrylate, gjycidyl acryiate, dimethylamino methacrylate, pentaerythritol trimethacrylate, pentaeryt- 
hrttol triacrytate, and mixtures thereof. 

3. The adhesive composition of Claim 1 wherein said free radically poiymerizable monomer polymerized into 
polymer block B comprises a mixture of 2-vinyl-4,4-dimethyi-2-oxazolin-Sone and dimethylamirttemyl 
methacryiate and wherein at least one free radically polymerizabie monomer is functionaJized after polym- 
erization with a polymerizabie functional monomer selected from the group consisting of hydroxyethyl 
methacrylate. 2-hydroxyethyJ acryiate, and mixtures thereof. 

4. The adhesive composition of Claim 1 wherein said iniferter comprises xyfylene bis (N,N-diethy1 dithiocar- 
bamate), and wherein the adhesive composition further comprises about 0.1 to about 5.0 weight percent 
of a sensitizer, and wherein the adhesive composition further comprises up to about 60 weight percent of 
a filler. 

5. An adhesive composition which comprises: 

(a) a polymer having a glass transition temperature ranging from about 10°C to about 1 30°C, wherein 
said polymer comprises polymerized poiymerizable monomer wherein at least one poiymerizable mono- 
mer has at least two functional groups, at least one of said functional groups being a polymerizabie func- 
tional group and at least one of said functional groups being a functional group capable of being reacted 
with a poiymerizable functional monomer, and wherein at least one of said polymerizabie monomers 
having at least two functional groups is functional ized after polymerization with a poiymerizable func- 
tional monomer wherein said poiymerizable functional monomer comprises a monomer having at least 
two functional groups, at least one functional group being a free radically poiymerizable group; and 

(b) an iniferter of the formula 1(1% 
wherein 

I represents the free radical initiator portion of the inrferter; 
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9. 



T represents the terminator portion of said iniferter; and 

k "l^' n ^ wof *'^ 1 : andwhe re^ iniferter ranges from 

about 99.9:0. 1 to about 90:1 0. 

(. The adhesive composition of Claim S wherein said polymer is selected from the group consisting ofpolyvl- 
nylbutyral, polyisocyanatoethyl methacryfate, polyglycidyl acryfate. pdyglyddyimathacryiate. poly 2-vtnyl- 
4 ^onetliyl^-oxazolin-o-one. polyhydroxyethyi methacrylafe, poiy 2-hydroxyetbyl acrylate, and mixtures 
thereof, and wherein said polymerizable functional monomer is selected from the group consisting of 2-vi- 
nyW.^imethvl^-oxazdin-S-one. hydroxyethyl memacrytate, 2-hydroxyethyf acrylate, acrylic add. 
metoacryBc add. isocyanatoethyl methecrylate. glycWal acrylate, glycWal memacrytate. dimethylamino 
methacrylate. pentaerythritol trimethacrylate. pentaerythritol triacrylate, and mixtures thereof. 

. The adhesive composition of Claim 5 which further comprises about 0.1 to about 5.0 weight percent of a 
sensitizer, and further comprises up to about 60 weight percent of a fffler. 

A transparent wiring board having a microelectronic device bonded thereto formed according to a method 
which comprises the steps of: 

(a) preparing a laminate which comprises: 

(J) a transparent wiring board comprising a transparent substrate patterned with conductive elec- 
trodes wherein said transparent substrate is transparent to at least some radiation in the range of 
about 200 to about 800 nm; 

(fl) a microelectronic device having conductive bumps positioned such that the conductive bumps 
of the microelectronic device are aligned in correspondence with said conductive electrodes of said 
transparent substrate; 

(IB) the adhesive composition of Claim 1 or 7 disposed between said conductive bumps and said 
conductive electrodes; 

(b) applying heat and sufficient pressure to said laminate to press said conductive bumps and conduc- 
tive electrodes through said adhesive against one another in conductive contact-thereby electrically 
connecting said conductive bumps to said conductive electrodes and thereby expanding said adhesive 
composition outwardly wherein said adhesive composition surrounds a peripheral portion of the micro- 
electronic device and simultaneously or subsequently exposing said adhesive composition to radiation 
of about 200 nm to about 800 nm from a radiant energy source until crosslinking occurs in order to form 
a partially cured adhesive composition; 

(c) terminating the application of pressure, heat, and radiation exposure in any order and evaluating 
the electrical connection between the conductive bumps of said microelectronic device and the con- 
ductive electrodes of the transparent substrate; 

(d) repeating steps (b) and (c). if necessary, until the desired electrical connection is obtained. 

A method of making an adhesive composition comprising the steps of: 

(a) mixing (1) an iniferter represented by the general formula l(T) 0 capable upon being subjected to an 
appropriate energy source of forming free radicals l(.)„ and nT- wherein n is an integer of at least 2. 1- 
tsa h,ghly reactive free radical capable of initiating free radical polymerization, and Tts a less reactive 
free radical which is generally much less capable of initiating free radical polymerization than I- but wOl 
rejoin with K X, or a free radical polymer segment free radically polymerized with !(-), upon termination 
of said energy source and (2) a monomer charge comprising monomer which is free radically pdymeri- 
zable in the presence of !{■)„ to form a thermoplastic block having a glass transition temperature ranging 
from about 10°C to about 130°C wherein at least one free radically polymerizable monomer has at least 
hvo functional groups, at least one of said functional groups being a free radically polymerizable func- 
tional group and at least one of said functional groups being a functional group which is capable of being 
funchonalrzed with a polymerizable functional monomer, wherein said polymerizable functional mono- 
mer comprises a monomer having at least two functional groups, at least one functional group being a 
free radically polymerizable group; s 

(b) exposing the mixture of (a) to an energy source capable of forming free radicals IM, and nT - 

(c) maintaining the exposure of (b) until said first monomer charge pdymerizes with K-J- to form a free 
radical polymer segment represented by the formula l(B-) n wherein B represents a thermoplastic 
polymer block having a glass transition temperature ranging from about 10°C to about 1WC- 

(d) said exposure whereby to cause l(B-X, and nT- to combine toform a polymer represented 
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(0) mixing l(BT) n with a (i) second monomer charge comprising potymerizable functional monomer 
which is capable of functional rig said polymer; (fi) an effective amount of a catalyst; (ffl) sufficient sol- 
vent, if needed, in order to facilitate the functionaiization of said polymer; (rv) an effective amount of an 
inhibitor, if needed, in order to facSftata the functionaiization of said polymer; at a temperature ranging 
from about 30°C to about 125°C in order to functionatize said polymer at about 10 to about 100 mole 
% based upon the amount of free radically polyrnerizable monomer having at least two functional groups 
used In forming said thermoplastic block. 

10. A method of making an adhesive composition which comprises the steps of: 
(a) mixing 

(0 a polymer having a glass transition temperature ranging from about 1 0°C to about 1 30°C. wherein 
said polymer comprises polymerized poJymerizabfe monomer wherein at least one polyrnerizable 
monomer has at least two functional groups, at least one of said functional groups being a polyrneri- 
zable functional group and at least one said functional groups being a functional group capable of 
being reacted with a polyrnerizable functional monomer, wherein said polyrnerizable functional 
monomer comprises a monomer having at least two functional groups, at least one functional group 
being a free radically polyrnerizable group; 

(ii) a monomer charge comprising said polyrnerizable functional monomer which is capable of 

functionafizing said pdymer; 

(«i) an effective amount of a suitable catalyst; 

(iv) sufficient solvent, if needed, in order to facilitate the functionaiization of said polymer; and 

(v) an effective amount of an inhibitor, if needed, in order to furtctionalize said polymer at about 10 
to 100 mole % based upon the amount of polyrnerizable monomer having at least two functional 
groups used in forming said pofymer; and 

<b) mixing said funcnonalized polymer with an iniferter represented by the general formula l(T) n capable 
upon being subjected to an appropriate energy source of forming fi *e radicals )(<)» and nT- wherein n 
is an integer of at least 2, 1- is a highly reactive free radical capable of initiating free radical polymeri- 
zation, and T Is a less reactive free radical which is generally much less capable of initiating free radical 
polymerization than I* but will rejoin with l(-) n or a free radical polymer segment free radically polymerized 
with IQn upon termination of said energy source; at a weight ratio of said functionaiized polymer to said 
iniferter of about 99.9:0.1 to about 90:1 0 in order to form said adhesive composition. 
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